Introduction
The manufacturing of wear and corrosion resistant thin film coatings is an important area of modem technology. Many ofthese films also exhibit improved hardness and better electrical conductivity. Cubic boron nitride (c-BN), similar to diamond in structure is thermodynamically stable under high pressure and temperature. (I) The incorporation of a transition metal (Ti) in the BN system introduces metallic bonding which may increase the probability of better adhesion between the coating and the substrate enhancing the wear properties of these metal nitrides. The potential applications of these nitrides vary from high temperature-radiation hard semiconductor or an efficient heat-dissipating semiconductor substrate, to its use in optics, cutting tools and protective coatings. < 2 -5 ) Various researchers have adopted plasma and chemical vapor deposition (PVD and CVD) techniques for the processing ofTi-B-N composite coatings. < 
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) The Ti-B-N phase diagrams ( Figure 1) gives the composition for a particular stoichiometry at a thermodynamic equilibrium.
03 ) However coatings deposited by PVD technique are considered to be in a non-equilibrium state due to the high quenching rates occurring during the deposition process. < 14 ) Some of the important physicochemical properties of these thin films are due to the formation of various phases such as, TiN, TiNx, TiB2, BN, and TiBxNy. < 13 ) These multiphase compounds provide improved hardness, wear resistance and toughness as compared to that of the single-phase materials. Several spectroscopic techniques, such as, Auger electron spectroscopy (AES), X-ray photoelectron spectroscopy (XPS) and cross-sectional transmission electron microscopy (XTEM) combine with electron energy loss spectroscopy (EELS) have been used to characterize the surfaces and interfaces of the metal nitrides. <
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6) It is apparent from these studies, that the nature of any adhesion is strongly related to the extent of any physicochemical interactions, that occurs at the interfaces, < Recently, we have demonstrated that the core-level X-ray photoelectron spectroscopy can be used to characterize the bonding and structure of the Ti coated BN substrate. < 18 ) In this study, we take advantage of the local sensivity of the core level photoabsorption spectroscopy to identify the presence and formation of various Ti and B containing phases in connection to TiN film growth on BN substrates and to address some questions concerning bonding structure of the ternary Ti-B-N systems. These phases are obtained by different annealing treatments of TiffiN coated BN thin films. In addition, supporting data has been obtained from X-ray photoelectron spectroscopy (XPS), Secondary ion mass spectrometry (SIMS) and microhardness measurements to investigate further the phase formation. and changes in the mechanical properties due to the thermal treatment.
Experimental

Materials and Methods
In this study the substrate materials were BN discs. The resulting disks were 6 mm in Prior to the TiffiN deposition, the chamber was evacuated and the BN substrates were ionically cleaned and heated in the range of200-650°C. Ti and TiN films wer~ grown by arcplasma vapor deposition method: evaporation of pure Ti into the argon plasma (Ti coating) and reactive N2 gas (99.99 purity) (TiN coating) at a chamber pressure of0.001 and 0.01 Pa respectively. Following coating deposition, a few of the coated specimens were subjected to postdeposition annealing in a quartz tube ~ 1 000°C and 1400°C for 2 hours in a vacuum furnace.
Material characterization methods
X-ray photoelectron spectroscopy (XPS)
The surface chemistry and composition of the deposited layer and the resulting interfaces were studied using a Hewlett-Packard (HP) 5950A X-ray photoelectron spectrometer with an Al Ka. ( 14 7 6 e V) anode. General calibration produced a binding energy scale specified by Au 
Near edge x-ray absorption spectroscopy (NEXAFS)
The soft X-ray absorption spectroscopy offers a unique opportunity to measure directly the site-selective energy distribution of the unoccupied d states of these compounds. X-ray absorption and emission is generally being considered to be independent of the excitation process producing a core hole. Near edge x-ray absorption fine structure spectroscopy< 2 I) has been used to study the bonding characteristics of the surfaces of various nitrides. < employed and the standards reported in this paper were obtained by step scanning the monochromator and measuring the total electron yield (photoelectrons, auger and secondary electrons) from the sample in an UHV chamber. The incoming radiation intensity (To) was measured by the photocurrent generated in the gold mesh positioned immediately before the sample. In the high energy region no structure in the Io was found. In the total eiectron yield mode, the measured core level photoabsorption spectra provides an immediate depth sensitivity, with an electron escape depth of about 60 A 0 compared to the 5-30 A 0 of the photoemission process.
Secondary ion mass spectrometry
To analyze the chemical state of the near surface structure of the deposited thin films, an alternating sputtering technique was employed. The elemental and phase distribution of the of the surface coating were evaluated by a VG secondary ion mass spectrometry (VG 12-2S Ionex MR3020 Quadropole SIMS). The primary ion source was a dual plasmatron oxygen ion source with an accelerating voltage of6 keV and a current of i0-50 nA. The thickness of the as deposited thin films evaluated by SIMS was approximately 1 micron.
Mechanical Properties
The Vickers hardness (Hv) of the samples was measured with a Tukon hardness tester (Dr. A. Kar's laboratory at CREOL, UCF) under a load of 1kg. The microhardness values are calculated using the following equation:
where Lis the load (in kg), d (mm) is the measured length of the diagonal, and ex. is the angle of indentation (135°). The penetration depth of the indentor was about 1/10 of the diagonal. For maximum hardness the indentor's depth was chosen at about 1115 th of the films thickness, so that the calculated value was a true measurement of the coating hardness. corresponding to the transition from the B (1s) core level to a cr* state in the conduction band.
We also measured another sharp peak at 191.8 eV indicating the 1t* peak of the h-BN phases (sp 2 bonding) present in our sample. Thus, our BN substrate indicates the presence of a mixture of sp 2 and sp 3 bonding. Figure 3 shows the Th, 3 L absorption edge of clean TiN and TiB2 powders. From these spectra one can observe the unique atomic 3d states in the sense that they retain some localized character upon forming solids. All these Ti L2, 3 edges display two groups structure which corresponds to the transitions of 2P312 -3d and 2Pll2 -3d. temperatures a phase separation was also observed from our XPS studies. Micro cracks were also observed in the TiN films annealed at 1400°C. Thus at higher temperatures Band N has diffused to the outer surface to form borides and nitrides in the Ti!BN system. In the case of 1 000°C treatment no boride was found on the Ti/BN system. The presence of extensive surface oxides was evident from both NEXAFS and XPS spectra (not shown).
Secondary ion mass spectrometry
From our XPS and NEXAFS studies it was evident that 1 000°C treated Ti/BN does not exhibit the presence ofborides and nitrides on the deposited thin film surfaces. SIM:S, an extremely surface sensitive technique (it probes 5-l 0 A 0 of the outermost surface), was performed to examine the phase formation in the Ti/BN system. Figure 6 (i) indicates the presence of surface oxides and small amounts of various nitrides and borides on the surface ofTi coated BN that were not detected in our previous measurements. After sputtering for 30 minutes, Figure 6 (ii) indicates the removal of outersurface titanium oxides, and oxynitride further the intensity of the Ti-B type species intensifies. This clearly indicates the formation of titanium borides in the inner layer of the coating that was also evident from our earlier XPS depth profile results. C 3 I) We believe that the observed titanium boride formation at intermediate
Ti is likely to be due to the presence of excess elemental boron in the film, once all N atoms are bonded to Ti, forming TiN.
Micro hardness of the composite films
A Tukon hardness tester measured the microhardness of the deposited thin films to correlate the mechanical properties of the deposited thin films to the corresponding surface chemistry. In general, the thin film hardness is affected by the mechanical properties of the underlying substrate. Both BN and Ti have a lower hardness than TiB 2 and TiN. It should be noted that the Ti/BN system achieve higher hardness (Hv 3500) after annealing at 1400°C as compared to 1000°C (see Table 1 ). Increase in temperature promotes the nucleation and growth of hard and wears resistant phases like TiB2 and TiN. This seems to appear in the form of nanostructures. This is consistent with our earlier XPS, NEXAFS and SIM:S data simultaneously.
Of course, we do not exclude the presence of mixed Ti-B-N phases of various stoichiometries as evident from our earlier XPS studies. (IS) The hardness values in TiN/BN system treated at 1000°C and 1400°C are considerably lower than that of the 1400°C treated Ti!BN. In this system, only TiN was found to be present and the hardness values (Table 1) ., ... 
